Objectives: This study aimed to estimate the risk of bleeding following minor oral surgical procedures and uninterrupted aspirin therapy in high-risk patients or patients with existing chronic diseases compared to patients who did not use aspirin during minor oral surgery at a public hospital.
INTRODUCTION
Current literature suggests that the discontinuation of aspirin therapy prior to minor oral surgery should no longer be practiced, since fatal bleeding rarely occurs and localized bleeding can be controlled by simple hemostatic measures [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The paradigm for minor oral surgery of patients with long-term aspirin therapy has consequently shifted towards accepting the continuation of aspirin use during surgery and providing similarly practiced procedures to those performed on general patients who do not use aspirin. However, a higher incidence of prolonged bleeding following minor oral surgery in patients with uninterrupted aspirin use compared to those who do not use aspirin during surgery has still been observed in practice-based cohort studies [8, 12] . Patients prescribed aspirin therapy, in reality, are also more likely to present as highrisk or with existing chronic diseases. This includes being at high risk for cardiovascular events or already having diabetes [17] . Conversely, patients who do not use aspirin have been found to be generally healthier. These findings have raised questions on whether the bleeding risk in high-risk patients or patients with existing chronic diseases who continue aspirin use during surgery can be assumed equivalent to the risk among general patients who receive similarly provided oral surgery but do not use aspirin. Investigation of this issue would provide valuable information on whether the current practice imposes a greater risk of bleeding. If a clinically significant increase of bleeding risk is determined, providing risk information to raise awareness among those performing the surgical procedures will improve surgical care quality in terms of preoperative risk communication to patients, operational preparedness, reductions in tissue damage during surgery, postoperative monitoring for bleeding, and effective management of bleeding occurrences.
Routinely, patients on aspirin therapy undergo a wide variety of oral surgical procedures. Several studies have previously contributed to estimating the bleeding risk specific to dental extractions [3, 8, [10] [11] [12] 16 ], yet only a few have investigated the risk in dental osteotomy [5] or minor oral surgical procedures [7] . Information regarding the overall bleeding risk in patients that undergo various surgical procedures in general dental practice, therefore, remains missing. In addition, while a number of studies have evaluated the bleeding outcome from a single visit for each patient [5, 7, 8, 10, 16] , individual patient may undergo the same or different surgical procedures over multiple visits. Hence, studies assessing the bleeding occurrence, not only in a single visit, but also from subsequent visits of a specific patient, would provide a more relevant risk estimate.
There is a paucity of information regarding the bleeding risk that is relevant to the current practice in which patients on aspirin therapy undergo various oral surgical procedures in either a single or multiple visits without aspirin interruption. Therefore, this study was conducted to estimate the risk of prolonged bleeding following minor oral surgery in high-risk patients or patients with existing chronic diseases who continued aspirin therapy during surgery as compared to patients who did not use aspirin during surgery.
METHODS

Study Setting and Patients
This study was carried out at Huayploo Hospital, a district health facility in Nakhon Chai Si, Nakhon Pathom, Thailand. This public hospital is a 60-bed inpatient facility that provides primary and secondary dental care, primarily for Thai residents and additionally for foreign immigrants in nearby communities. Since this study aimed to generalize its results primarily to Thai residents who lived in eligible areas serviced by this health facility, all immigrants were excluded. All Thai dental patients aged 20 years or older who underwent minor oral surgery in a single or multiple visits from January 1, 2013 to December 31, 2015 were initially included. Verification of living in the hospital's serviced areas was further undertaken through review of the hospital registry in which each patient's address was available based on the official civil registration system. Data of 2912 Thai adult patients (5251 procedures) were ultimately retrieved for analysis.
Data Collection Approach
Data were collected retrospectively. Clinical characteristics, procedural details of the minor oral surgery, and immediate and late-onset bleeding outcomes were retrospectively identified from hospital records for each visit of all individual patients. In this setting, patients at risk of developing a thromboembolic event (e.g., patients with diabetes mellitus or cardiovascular disease) were prescribed single antiplatelet therapy using 80 to 300 mg of aspirin daily. Dual antiplatelet therapy using clopidogrel (Plavix TM ) together with aspirin was seldom indicated in this facility, and none of the included patients were found to receive this regimen. Patients were divided into two groups -aspirin and non-aspirin -according to their status of aspirin use. The aspirin use was initially verified through the physician's prescription records and revalidated through routine medical history notes, indicating uninterrupted use prior to dental treatment in each visit. Patients with continued aspirin use were grouped into the aspirin group and their counterparts were collectively regarded as the non-aspirin
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group (reference). Patients taking aspirin commonly presented as high-risk or with existing chronic diseases, while those who did not take aspirin were generally healthier. Therefore, this study did not intend to compare the bleeding risk of aspirin discontinuation against uninterrupted use prior to oral surgery. Specification of patients to the aspirin and non-aspirin groups was relevant to this setting, as discontinuation of aspirin use before oral surgery was no longer practiced and patients with the uninterrupted aspirin therapy underwent minor oral surgery in the same way as their counterparts.
All minor oral surgical procedures routinely provided in this setting were analyzed. These procedures varied in the level of invasiveness. Mildly invasive treatments included plaque and calculus removal by full-mouth scaling and localized alveoloplasty using rongeur forceps or bone files. Moderately invasive procedures comprised root planing and simple or complicated extractions involving single or multiple teeth, with or without periosteal flap elevation. Intensely invasive interventions consisted of the surgical removal of impacted teeth with periosteal flap elevation. For ease of analysis, a single or multiple surgical treatments during one visit were collectively regarded as one procedure. Administration of 2% lidocaine with 1:100 000 epinephrine was typical for all cases that underwent root planing, dental extraction, and surgical removal of impacted teeth, ensuring the hemostatic effect of epinephrine.
The outcome in this study included immediate and late-onset bleeding. Immediate bleeding was indicated by a record of excessive blood that could not be controlled by gauze packing within 30 minutes postoperatively [8, 10, 18] . A record of returning to the hospital for unstopped bleeding was used to indicate late-onset bleeding [9] .
Statistical Analysis
Patient characteristics and procedural details of oral surgery were summarized using descriptive statistics. An independent samples t-test and a two-sample Wilcoxon rank-sum test were used to estimate the differences in a variety of continuous variables between the two samples. The assumption of homogeneity of variance was assessed prior to the application of the t-test. An exact probability test was applied to analyze categorical variables. A stratified analysis comparing the cumulative incidences of bleeding between the aspirin and non-aspirin groups by categories of prognostic variables was undertaken. A risk ratio was included as a measure of effect of underlying systemic conditions and uninterrupted aspirin use on bleeding. Since patients visited the facility either once or multiple times within the study period to receive oral surgery provided by the same set of clinicians, bleeding occurrence observed in patients might correlate with each corresponding clinician and independence of these observations could not be assumed [19] . A multilevel Poisson regression [20] was thus applied to statistically explore the interaction effect of aspirin use with each of the other prognostic factors on the occurrence of bleeding in addition to the aforementioned stratified analysis. It was also used to estimate the crude and adjusted risk ratios by taking the correlated nature of data into account [19] and specifying each clinician as a source of correlation. For the multivariable model, an explanatory modeling strategy was adopted to estimate the risk ratio after adjusting for sex, age, diabetes, hypertension, cardiovascular disease, stroke, asthma or chronic obstructive pulmonary disease (COPD), dental professional, surgical procedure, number of extracted teeth, mandible involvement, position of involved teeth, and visit [21] .
Ethical Considerations
This study protocol was considered and approved by the Ethical Review Committee for Human Research, Faculty of Public Health, Mahidol University.
RESULTS
Patients with continued aspirin use accounted for 11.5% of all patients undergoing oral surgery during the study period. Clinical characteristics were analyzed for all patients at their first visit (baseline) as well as for all visits combined in order to consider the potential changes in clinical status during subsequent visits. Patients in the aspirin group were significantly older and had considerably greater proportions of systemic diseases, with the exception of asthma or COPD ( Table 1) .
The proportions of oral surgical procedures provided by dental hygienists and dentists were not significantly different between the two groups. Simple extraction was the most common procedure in the aspirin group (49.1%) while fullmouth scaling was the most common in the non-aspirin group (46.0%). Roughly 66.5% of procedures in the aspirin group were related to tooth removal, while only 45.4% of the same procedures were found in the non-aspirin group. None of the patients in the aspirin group underwent surgical removal of impacted teeth. For both the aspirin and non-aspirin 
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group, the number of removed teeth ranged from 1 to 6 teeth per visit. The average number of removed teeth per visit in the aspirin group was found to be higher than that in the non-aspirin group (p<0.001). For both groups, the main position of removed teeth was in the molar segment. Surgical procedures in the aspirin group mostly involved the mandible only (39.6%), while the most common procedure in the non-aspirin group was found to involve the full mouth, mostly by scaling (39.3%) ( Table 2 ). The overall cumulative incidence of immediate bleeding was 1.3% of total procedures. No late-onset bleeding was found. A significantly greater incidence of immediate bleeding was found in the aspirin group (5.8% of procedures) compared to that of the non-aspirin group (0.7%, p<0.001). A stratified analysis of bleeding incidence by prognostic factors revealed that bleeding incidences in the aspirin group were considerably greater than in the non-aspirin group, specifically among males, elderly patients, diabetic patients, and those who had undergone a simple extraction. Bleeding in the non-aspirin group occurred neither among those with cardiovascular disease, stroke, or asthma/COPD; nor in those receiving root planing or alveoloplasty. From the overall total of 70 bleeding events, 45 (64.3%) were observed among cases that received simple extractions, while the rest occurred during other procedures, including scaling, complicated extraction, root planing, surgical removal of impacted teeth, and alveoloplasty. No bleeding occurred during extractions of more than three teeth, in procedures involving the full mouth, or in those involving some quadrants in both arches. All bleeding events were effectively controlled by local hemostatic measures thereafter.
Interaction effects of aspirin use with other prognostic factors on the occurrence of bleeding could be statistically assessed only when the bleeding outcome occurred in all strata of the stratified prognostic factor. Some prognostic factors, such as cardiovascular disease, stroke, or the full mouth involved in minor surgery, had no bleeding outcome in one of their stratified strata and thus could not be statistically assessed for the interaction effect. Only the interaction between aspirin use and surgery involving the mandible only was found to be statistically significant (p<0.05) ( Table 3) .
The crude risk ratio of each prognostic factor is presented in Table 4 . From the univariable analysis, occurrence of bleeding in the aspirin group was 7.7 times more likely than that of the non-aspirin group (p<0.001). Age, diabetes mellitus, hypertension, cardiovascular disease, surgical procedure, number of extracted teeth, and procedures involving the mandible only were also found to significantly increase bleeding risk. However, no association was determined between procedures involv- Chi-squared test. 3 ing the maxilla only and bleeding (risk ratio, 1.0; p=0.90), (Table 4). After adjusting for covariates, the multilevel Poisson regression model estimated that the bleeding risk in the aspirin group was 4.5 times more likely than that of the non-aspirin group (p<0.001) ( Table 4) .
Independent samples t-test (unequal variances).
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DISCUSSION
Aspirin use has increasingly become more common among dental patients, particularly those of advanced age. It is primarily used as an antiplatelet prophylaxis to prevent cardiovascular disease [22] but also for the prevention of atherothrombotic vascular complications [3, 10, 23] , such as myocardial infarction. The antiplatelet effect of aspirin can be observed between doses of 40 and 320 mg/d [10] . In this study, patients in the aspirin group continued to take 80 to 300 mg of aspirin daily during oral surgery, maintaining the antiplatelet effect. The lifesaving benefit of aspirin in secondary prevention of occlusive vascular events definitely outweighs bleeding risk [24] . However, it has been suggested that aspirin use for primary prevention of cardiovascular disease should still be weighed against an increased risk of bleeding [3, 24] . As current literature and practice favor the continuation of aspirin therapy during oral surgery [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , the risk of thromboembolism may be minimized with the antiplatelet effects of aspirin, while bleeding risk would presumably increase. However, controversy continues to exist on whether bleeding could be more likely to occur. In addition, patients prescribed aspirin therapy in this study were found to present with more systemic diseases or underlying conditions, while those without aspirin were generally healthier. These findings further raise the issue of whether the risk of hemorrhage in high-risk patients or patients with existing chronic diseases and continued aspirin therapy can be assumed equivalent to that in general patients who undergo similarly practiced oral surgery but do not take aspirin. A number of studies have investigated this issue and revealed conflicting results. Some studies have shown no significant difference in the risk of bleeding following dental extraction [3, 11, 16] , dental osteotomy [5] , or minor oral surgical procedures [7] between patients who continue aspirin therapy and those who do not use aspirin. Others have contradictorily found an increased bleeding risk after dental extraction Adjusted RR estimated by multilevel Poisson regression adjusting for sex, age, diabetes, hypertension, cardiovascular disease, stroke, asthma/COPD, dental professional, surgical procedure, number of extracted teeth, procedures involving mandible, position of involved teeth, and visit. 3 In multivariable model, the number of extracted teeth was categorized into two categories, 1 extracted tooth (reference category) and ≥ 2 extracted teeth, to avoid collinearity problem. 'No extraction' category was adjusted in the model through 'Surgical procedure' variable. [4, 8, 12] and minor surgical procedures [25] , though the risk measures were not statistically significant [8, 12, 25] . In the present study, clinical evidence of an increased risk along with statistical significance (RR, 4.5; 95% CI, 2.0 to 10.0; p<0.001) strongly suggested that bleeding following minor oral surgical procedures was more likely to occur in high-risk patients or patients with existing chronic diseases with continued aspirin therapy compared to general patients who did not use aspirin during surgery.
Since the study facility no longer practiced the discontinuation of aspirin use before minor oral surgery, a comparison group consisting of patients with similar risks or existing chronic diseases and discontinued aspirin therapy before oral surgery could not be acquired. Therefore, this study instead compared the bleeding risk following oral surgery in patients on continuous aspirin therapy with that in a group not on aspirin at all [8] . Patients in the non-aspirin group were evidently healthier than those in the aspirin group as indicated by considerably smaller proportions of patients in the non-aspirin group with advanced age, diabetes, hypertension, cardiovascular disease, or stroke (Table 1) . Nonetheless, the marked difference in patients' baseline clinical characteristics should not be considered a consequence of control selection bias since patients in both groups underwent similarly practiced minor oral surgery with an assumed equivalent risk of bleeding [3, 5, 7, 11, 16] . This design, therefore, allowed for the evaluation of this clinical assumption and upheld the safety of current recommendations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Analysis of the bleeding occurrence in patients who made either single or multiple visits and underwent a variety of oral surgical procedures in a practical setting could provide realworld estimates of the overall bleeding risk, in lieu of a procedure-specific risk. This could be generalized to the source population to which these patients represent and could be useful for risk communication to patients who continue aspirin therapy before oral surgery in general. In addition, a comprehensive assessment of risk characteristics for bleeding should always be undertaken before oral surgery on a case-by-case basis, since bleeding can be influenced by a combination of several factors [1] , such as a patient's inherent characteristics, chronic disease, medication, procedural invasiveness, and biological variations in bleeding potential. In this study, the increased bleeding risk in the aspirin group should not be considered as an effect of continued aspirin therapy alone. In spite of the effort to control the effects of known and ascertainable chronic diseases through a regression modeling approach, unmeasured systemic conditions, such as the severity and duration of chronic diseases or obesity [1] , could be an alternative explanation for the increased risk. Therefore, the increased bleeding risk observed in this study could be a combined effect of high-risk conditions or existing chronic diseases and continued aspirin therapy. With respect to the differing minor oral surgical procedures, a previous study suggested that bleeding risk was independent of the type of procedure performed [7] . In contrast, this study determined that there was a significant difference in the bleeding risk between the two groups when stratified by simple versus complicated extractions (Table 3) . Following the mildly invasive scaling procedure, bleeding was observed in both groups in this study. This contradicted a previous finding that scaling did not contribute to bleeding [25] . Additionally, the difference in bleeding risk for patients who undergo surgical removal of impacted teeth could not be assessed since none of the patients in the aspirin group underwent this invasive procedure. With respect to the interaction effect of aspirin use with each of the other prognostic factors on the bleeding outcome, these interactions were explored by statistical means in addition to the stratified analysis. Bleeding risk was uniformly observed across stratified subgroups of each prognostic factor. However, one exception was found among patients who underwent minor surgery involving the mandible only, where the risk of bleeding was significantly higher in the aspirin group. This preliminary result suggested the need for further study devoted to determining the interaction effects of aspirin therapy with these prognostic factors (particularly minor surgery involving the mandible only) on bleeding from both a statistical and clinical perspective in order to provide a rational clinical explanation.
All bleeding events were effectively controlled by local hemostatic measures comprising a pressure pack and suturing either with or without additional use of a sterile compressed sponge (Gelfoam). Life-threatening bleeding complications were not found in this or other studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 25] . Since oral bleeding can be visible and promptly managed [5] , minor oral surgical procedures can be cautiously provided without the discontinuation of aspirin therapy, thereby minimizing the risk of thromboembolism [1] . Preventive strategies, including preoperative risk communication and perception, reductions in tissue damage during surgery, prepared hemostatic measures, and postoperative monitoring for bleeding would ensure that minor oral surgery is safe for high-risk patients and patients with existing chronic diseases who continue aspirin use.
In conclusion, high-risk patients and patients with existing chronic diseases who continued aspirin use were at a higher risk of hemorrhage following minor oral surgery compared to those who were generally healthier and did not use aspirin. Nonetheless, the bleeding complications were not life-threatening and could be promptly managed through simple hemostatic measures. Minor oral surgery can therefore be provided as long as it is accompanied by an awareness of the increased bleeding risk, prepared hemostatic measures, and postoperative monitoring of bleeding. This negates the need to discontinue aspirin therapy, which may lead to more serious complications.
